The genus Streptomyces is a group of Gram-positive bacteria that produce a wide variety of secondary metabolites including antibiotics and other pharmacologically active agents. Mechanisms and regulation of biosynthesis of these bioactive compounds are poorly understood. Elucidation of biosynthesis pathways and regulatory mechanisms of production may help to increase antibiotic productivity and/or to design new antibiotics with hybrid structures with enhanced properties. Kasugamycin (KSM) is an aminoglycoside antibiotic produced by Streptomyces kasugaensis M338-M11), effective against Piricularia oryzae and widely used in agriculture in Japan to prevent the rice blast. From S.
kasugaensis MB273-C4, another KSM producing strain, a gene encoding the enzyme that acetylates the 2'-NH2 of KSM and thereby inactivates the antibiotic was cloned and named kac by HIRASAWA et al. (JP. A-05-23187, 1993).
Genes required for antibiotic biosynthesis are usually clustered in streptomycetes and linked to genes for selfprotection against the endogenous antibiotic. Genes for regulation of antibiotic biosynthesis are also often found in the clusters. We described in the previous papers that some KSM biosynthetic genes2) and KSM transporter genes3) were found in the upstream region of KSM acetyltransferase gene (kac338)4), a self-protection gene, from S. kasugaensis M338-M1.
In the present paper, we report the cloning, sequencing and characterization of a putative transcriptional regulator gene for the KSM biosynthetic pathway. Cloning and Sequencing Isolation of genomic DNA from S. kasugaensis M338-M1 was conducted as described previously4). The E. coli TH2/pKF 3 cloning system5,7) was used to clone pSKE 6 (Fig. 1) . The cloned DNA region (1.1kb EcoRI-SacI fragment) was digested with appropriate restriction endonucleases, and the fragments were subcloned into pUC118. Nucleotide sequence was determined for both strands using an ALFredTM DNA sequencer (Amersham Biosciences). Sequencing reactions were carried out with Cy5TM AutoCycleTM Sequencing Kit (Amersham Biosciences) according to the supplier's instructions.
To clone the DNA region of pSKE 7 (Fig. 1) , the genomic DNA was digested with SacI, and the restriction fragments were ligated themselves with T4 ligase. After self-ligation, an unknown DNA region (1.2kb, SacI-EcoRI) was amplified by PCR using oligonucleotides 5'-pKS26b
(5'-CGGCTCACACAGGCCCGCACCGAAA-3') and 3'-pKS26a (5'-GCACAGTTCAGCCTCATTTCCTTGT-3').
For cloning of pSKE 8, the genomic DNA was digested with PstI. After self ligation, an unknown DNA region (1.5kb, PstI-SacI) was amplified with 5'-SKE72 (5'-CCAAGATCGCACATGCGGCAGGGGT-3') and 3'-SKE73 (5'-TCCGCTCCGTCGAAGAACCGCACCT-3').
To avoid misreading of the nucleotide sequences of the amplified fragments for pSKE 7 and pSKE 8, the PCR products were used as templates for the dideoxy chaintermination method. As sequencing primers, we used M13-40 universal primer, M13-reverse primer and some synthesized oligonucleotide primers (labeled with Cy5, purchased from Amersham Biosciences). After direct sequencing, these PCR products were cloned into pUC118
to make pSKE 7 and pSKE 8 (Table 1) . On the restriction map, the striped region is dealt with the present paper. The solid region (right) has been reported3). The open arrows indicate the deduced ORFs and direction of transcription. The inserts of plasmids pSKE 6, pSKE 7 and pSKE 8 are indicated above the map. Abbreviations: E, EcoRI; K, KpnI; P, PstI; Sa, SacI; Sm, SmaI; Sp, SphI. Nucleotide Sequence Accession Number The nucleotide sequence data reported in this paper will appear in the DDBJ, EMBL and GenBank nucleotide sequence databases with the accession number AB076838.
Rapid Amplification of cDNA Ends (RACE)
The transcription start site of kasJ was determined by the 5' RACE method with 5'-Full RACE Core Set (TaKaRa) according to the manufacturer's instructions13). Isolation of total RNA from S. kasugaensis M338-M1 was conducted as DNA sequence of the product was determined by the dideoxy chain-termination method.
Transcription start site of kasU was also determined using 5'-PKasU (5'-CGACTTCCGGACCGCGTCGCAC-AGT-3') for the first strand synthesis. Pairs of primers [5'-RACE7a (5'-TTGGTTGAACACAGGTGGAG-3')/3'-RACE7a (5'-GGAATTTCCTGGGTTGAACA-3') and 5'-RACE7b (5'-GGGCATGCGGTGCGCACGTACGGGGA-C-3')/3'-RACE7b (5'-GCGTCGACCCGCCCGTTGCAG-CCA-3')] were used for the first and second PCR, respectively. The 5'-RACE for kasU mRNA was performed as described above for the 5'-RACE for kasJ mRNA.
Overexpression and Purification of Trx-KasT The coding region of kasT was amplified by PCR using 5'-THIS6 (5'-GGCCATGGTTCATCATCATCATCATCA-CGTGGCTGAAACA-3') and 3'-TBg11 (5'-CCAGATC-TTCACGCACTTGCCCGTCCACGC-3'), designed to include NcoI and BglII recognition sites, respectively. The amplified fragment was digested with NcoI and BglII. The 1073bp NcoI-BglII fragment was ligated into NcoI-BamHI digested pET-32a(+). The construct (pET-KasT, Table 1) was transformed into E. coli BL21(DE3). In pET-KasT, kasT was fused in frame to the 3' end of trxA (thioredoxin gene) under the control of the T7 promoter. In this host strain, the T7 polymerase gene was controlled by the tac primers 5'-GS26a (5'-GGGAATTCCGGGGTCGGCGGC-ACAC-3') and 3'-GS26a (5'-CACACACCTGAGTCCGG-GCAAGG-3') for 26A and 5'-pKS26a (5'-CTCGACACT-TCTCGACGCTCTCCCT-3') and 3'-pKS26a (5'-GCACA-GTTCAGCCTCATTTCCTTGT-3') for 26B. The upstream
Results

Cloning and DNA Sequence Analysis
The newly cloned 3.7kb PstI-SacI region was located upstream of kasKLM, the KSM transporter genes. As shown in Fig. 1 , the region was separated into three short fragments and cloned separately. The inserted fragment of pSKE 6 was shotgun-cloned as described previously3). These inserted fragments of pSKE 7 and pSKE 8 were cloned by a method using PCR technique (see Methods). (Fig. 2) . The deduced amino acid sequence of KasT showed 50% similarity with StrR15), a pathwayspecific activator of SM biosynthesis from S. griseus (Fig.   3 ). KasT was also similar to various other pathway-specific transcriptional regulators controlling the expression of biosynthetic gene clusters for antibiotics in Streptomyces, such as SpcR16) (44%) from S. flavopersicus, NovG17) (45%) from S. spheroides and ComG18) (44%) from S. lavendulae.
The deduced KasU protein containing 103 amino acid residues showed no significant similarities with any proteins in the databases. The kasJ gene encoded protein (KasJ) containing 445 amino acid residues, with a molecular mass of 47,662 Da and a pI of 5.68. The deduced amino acid sequence contained a dinucleotide (FAD)-binding motif (Fig. 2) and showed 36% similarity with NADH:N-amidino-scylloinosamine oxidoreductase (StsB)19) for SM biosynthesis in S. griseus (Fig. 3) . As shown in Fig. 2 , the -35 and -10 hexamer sequences of the putative kasU promoter (kasU-p) were
Determination of Transcription
Overexpression and Purification of Trx-KasT
To demonstrate the function of KasT, we overexpressed in E. coli BL21(DE3) a fusion protein in which Trx-KasT was preceded by a thioredoxin peptide and six histidine residues, and purified the product by affinity chromatography with a Ni-NTA column. Purity was confirmed by SDS-polyacrylamide gel electrophoresis (Fig.  4B) . The molecular mass of 56kDa agreed well with that (Mr= 55,819) deduced from the nucleotide sequence. 
